In 20 male patients suffering from chronic bronchitis and emphysema investigated by pulmonary x-ray densitometry, five different types of densitometer trace pattern were observed during the FEV manoeuvre, which appeared to be related to the degree of zonal airway obstruction and the radiological severity of emphysema. We thought some of the features of the traces were caused by displacement of blood from the area of the lung being examined by trapped alveolar air at a pressure exceeding those in the surrounding blood vessels. A close correlation (P<0001) was found between the conventional FEV1 and the pulmonary densitometer score derived from summated regional observations made during the FEV manoeuvre. A similar high degree of correlation was observed between the FEV1 and a score based on regional radiological appearances. Correlations between Pao2 and Paco2 and the densitometer and x-ray scores were of doubtful significance. The findings indicate that critical evaluation of the radiological features of the pulmonary vessels in patients with emphysema is useful in assessing the overall degree of airway obstruction. Regional densitometer pattern analysis is a valuable contributory method of investigating these patients and -the results of a comparison of these two methods suggest that it may be possible to distinguish between larger and smaller airway obstruction.
In 20 male patients suffering from chronic bronchitis and emphysema investigated by pulmonary x-ray densitometry, five different types of densitometer trace pattern were observed during the FEV manoeuvre, which appeared to be related to the degree of zonal airway obstruction and the radiological severity of emphysema. We thought some of the features of the traces were caused by displacement of blood from the area of the lung being examined by trapped alveolar air at a pressure exceeding those in the surrounding blood vessels. A close correlation (P<0001) was found between the conventional FEV1 and the pulmonary densitometer score derived from summated regional observations made during the FEV manoeuvre. A similar high degree of correlation was observed between the FEV1 and a score based on regional radiological appearances. Correlations between Pao2 and Paco2 and the densitometer and x-ray scores were of doubtful significance. The findings indicate that critical evaluation of the radiological features of the pulmonary vessels in patients with emphysema is useful in assessing the overall degree of airway obstruction. Regional densitometer pattern analysis is a valuable contributory method of investigating these patients and -the results of a comparison of these two methods suggest that it may be possible to distinguish between larger and smaller airway obstruction.
At the present time, methods of investigating regional ventilation include bronchospirometry, bronchial catheterization with mass spectrometry, and isotope scanning and counting techniques. Pulmonary x-ray densitometry may also be used and szveral groups of workers (Andrews, Jensik, and Pfisterer, 1959; Steiner, Laws, Gilbert, and McDonnell, 1960; Kourilsky, Marchal, and Marchal, 1962; Oderr, 1964; Laws and Steiner, 1965; Zelefsky, Schulz, and Freeman, 1970; Sutherland, Leask, and Samuel, 1968) have described the use of the method in various lung disorders. In several of these reports reference has been made to changes in the densitometry traces in patients with airway obstruction which have been attributed to air trapping and have taken the form of a displacement of the densitometer trace indicating increased x-ray translucency of the lung during expiration. It is the purpose of the present study to investigate these changes more fully in a group of patients suffering from chronic bronchitis and emphysema and to correlate the findings with abnormalities in the radiological appearances and blood gas determinations.
SUBJECTS AND METHODS
Twenty male patients aged 37-65 (mean 54) years diagnosed as suffering from chronic bronchitis and emphysema by the usual clinical criteria were studied (M.R.C., 1965 (Leask and Sutherland, 1966; Sutherland et al., 1968) . Calibration was carried out at the beginning of each patient's study with an 716
Regional densitometry patterns in chronic bronchitis and emphysema aluminium step wedge and also during each regional observation when a single millimetre of aluminium was introduced between the patient and the densitometer sensors. Duplicate recordings of the densitometer trace during an FEV manoeuvre were made from each pair of corresponding zones. In order to correlate the timing of densitometry changes with alterations in tracheal air flow, a thermistor air flow detector was inserted into a Perspex tube with an internal diameter of one inch through which the patient was asked to breathe: x-ray screening factors were 80 kV and 0 5 mA, giving a skin dose rate of approximately 500 mrad per minute. Once the densitometer sensors had been positioned for each observation the x-ray beam was collimated to a minimum field size. The total screening time was usually between 2 and 3 minutes.
Interpretation of densitometer traces Inspection of the FEV densitometer traces from each zone revealed that they could be grouped broadly into five distinct types ( Fig. 1 ). On the basis of the amount of reversal of the densitometer trace, i.e., an upward displacement during expiration, indicating increasing translucency instead of the expected downward movement of the trace, it was possible to arrange them in an order which appeared to be related to the degree of expiratory difficulty. Code numbers were given to the different types of trace so that increasing trace reversal was indicated by a large number. It can be seen that the type 5 trace demonstrates inspiratory as well as expiratory trace reversal.
Interpretation of radiographs Two of the authors (G.R.S. and W.J.) examined the radiographs independently, each on two separate occasions, and allotted a code number (1 to 4) indicating the severity 
RESULTS
Mean values and ranges of the results of the pulmonary function tests obtained in the study are shown in Table III . of the zone within the lung and each zone has been taken as though it was standing alone and uninfluenced by adjacent zones. In the last two columns of the table, densitometer trace patterns 2 and 3, representing moderate abnormality, and trace patterns 4 and 5, indicating severe abnormality, have been taken together and expressed as percentages of the total number of zones in each radiological grouping. It can be seen that whereas the (2+3) percentages are largely similar in all radiological groups, there is a progressive increase in the (4+5) percentage from 5% in the '1' x-ray grouping to 40% in the '5' grouping. 
Regional densitoinetry patterns in chronic bronchitis and emphysema
What is the likely mechanism of the reversals seen in some of the densitometer traces? During the FEV manoeuvre it is probable that many of the patients caused their general intrathoracic pressure to rise above the pulmonary venous and capillary pressure levels. In regions of the lung prevented from expiring readily by airway obstruction, the increase in pressure of the air trapped in this way would tend to displace blood from adjacent vascular channels to areas of the lung not subjected to the same level of pressure, i.e., areas communicating more freely with the larger central airways.
Let us now consider the four abnormal trace patterns. In type 2, the appearance of the trace is similar to that of the conventional low rate FEV record with no evidence of reversal, suggesting the least amount of obstruction of the airways. The type 3 curve shows a normal early descent but this is succeeded by reversal believed to be related to the build-up of pressure within the peripheral airway system as the bronchi and bronchioles narrow during expiration. In the type 4 trace, no evidence of early descent is seen; reversal begins at the start of expiration. This is considered to be the result of an immediate blocking of some of the airways leading from the zone being examined, causing an elevation of the pressure in the distal air spaces and compression of the vascular bed. As the expiratory manoeuvre continues, however, in some cases a slow descent of the trace develops and eventually it falls below the inspiratory level. It seems likely that this is due to the ultimate success of the sustained expiratory effort in producing expulsion of the trapped and pressurized air either into the bronchial tree or by collateral air drift into adjoining alveolar spaces leading to increased radiological density.
The type 5 trace is thought to indicate an even greater degree of airway obstruction. Such traces show complete reversal of the normal respiratory cycle appearances. At the beginning of inspiration the lung density increases and this is sustained during breath holding until the moment of expiration when again reversal occurs and increased translucency of the lung develops. In this situation it appears that the obstruction is of such severity that the act of inspiration is insufficient to open the airways and allow the normal entry of air to the more peripheral parts of the lung. Inspiration may well result in this case in the diversion of blood into the affected part of the lung, accounting for its relative increase in radiological density. It has been suggested by Oderr (1964) that the reversal of the densitometer trace is due to paradoxical ventilation or 'pendelluft' (Otis et al., 1956) . As the densitometer observations in this study were made during the FEV manoeuvre which was undertaken after a short period of breath holding at maximum inspiratory level, the pressure gradient in the airways in favour of lagging, out of phase, lung units is minimized before expiration begins. At the moment forced expiration is initiated, this residual pressure gradient is presumably almost immediately reversed by the rapidly rising intrathoracic pressure. In these circumstances it is unlikely that paradoxical ventilation can exist for more than a very short time at the outset of expiration and therefore would not explain the sustained trace reversals seen in the present study.
The correlation between radiological appearances and pathological studies of the lungs in emphysema has been well documented in the past (Reid and Simon, 1959; Laws and Heard, 1962; Reid and Millard, 1964) . Recently, Nairn, Prime, and Simon (1969) have demonstrated that there is a relationship between the radiological appearances of emphysema and the degree of ventilatory impairment. In the present series a similar relationship between the radiographic findings and the FEV1 has been observed although the method of radiological interpretation is rather different from that of Nairn et al. (1969) and is confined to alterations in the vascular pattern and the occurrence of bullae in the lungs. A comparison of these radiological features with the densitometer traces on a zonal basis is shown in Table IV . The occurrence of a generally similar proportion of less severe densitometer trace abnormality (type 2 and 3 traces) in all the radiological groups indicates that the mechanism of these traces is evidently independent of changes revealed by the radiograph and therefore may be related primarily to disease of the larger airways. By contrast, the increase in percentage of type 4 and 5 traces in the zones showing increasing radiological disease appears to relate more severe functional abnormality with the presence of advanced emphysema and therefore with more peripheral bronchiolar disease (Hogg, Macklem, and Thurlbeck, 1968 (Table IV) , there is evidence of severe functional abnormality. These discrepancies are almost certainly due to the inadequacy of radiographic methods in demonstrating all but the more severe forms of emphysema (Reid and Millard, 1964) and illustrate the complementary value of densitometry in assessing the regional distribution and severity of pathophysiological changes in the lung. The remaining zones are those which show severe radiological abnormality (codes 3 and 4) and yet have normal (type 1) or near normal (type 2) densitometer traces. The explanation of these findings is more conjectural but it is believed that they may result from a failure to achieve a sufficiently high intrathoracic pressure during the forced expiratory manoeuvre to induce the haemodynamic changes considered to be responsible for the densitometer trace reversal.
The 
